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CHAPTER I 
INTRODUCTION 
1. Problem 
Statement of the problem.-- The purpose of this study is to 
summarize the research on the scientific attitude. Many objectiv~ 
and experimental studies have been made in this field and in the 
process of summarizing them an attempt will be made to evaluate 
their contributions in relation to four separate problems 
concerning the scientific attitude. They are as follows: 
1. What is the scientific attitude? 
2. Can the attitude be effectively taught? 
3. Wnat methods and techniques can be used to develop the 
attitude? 
4. Can the attitude be measured? 
Importance of the problem.-- The scientific attitude has 
long been recognized as a desirable outcome of education. In 
. y 
1 924, Curtis, _ one of the pioneer experimenter-s . in this field, 
usee scientific attitudes as a basic criterion governing the 
selection of books for extensive reading in g eneral science. 
~Francis D. Curtis, Some Values Derived from the Extensive 
Reading of General Science, Contribution to ~ducation, No. 163, 
Teachers College, Columbia University, 1924 
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Both the Thirty-first Yearbook and the Forty-sixth y 
earbook of the National Society for the Study of Education 
consider attitudes as a major outcome of science instruction. To 
'ij 
quote from the Forty-sixth Yearbook: "The development of 
competence in the use of the scientific method of problem 
solving and the inculcation of the scientific attitude trans-
cends other objectives in science instruction." In speaking of 
!I 
the scientific attitude, Croxton wrote : 
"Science is more than classified knowledge.- It is a 
way of life. The reactions of persons all about us furnish 
innumerable examples of the need for this training. The 
unquestioning following of traditional procedures, the blin 
faith in miraculous cures, the acceptance of printed 
statements which run counter to the individuals repeated 
experience, the tendency to accept as truth and to repeat 
what is pure hearsay and gossip, the willingness to accept 
the statement of others in matters which can be easily 
verified, the failure to distinguish between methods of 
arriving at truth, and the prejudiced and cl osed-minded 
attitude toward new ideas consti t ute abundant evidence that 
this aim is not being achieved. 11 
§) 
In 1936, Preston spoke of the scientific attitude as 
being the most important of all the objectives of science, yet 
the one which we know the least concerning its attainment. 
1 Committee on the Teaching of Science, National Society for the 
Study of Education, A Program for Teaching Science, Thirty-first 
earbook, 1932, Part I. 
2 Committee on the Teaching of Science, National Society for the 
study of Education, The Objectives of Science Instruction, 
orty-sixth Yearbook, 1947, Sec. I. 
w.c. Croxton, "Major Aims in Science Teaching , 11 Science 
-·ducation (December, 1935), 19:151-152 
b C. E. Preston, The High School Science Teacher and His Work, 
~cGraw Hill Book Company Inc., New York, 1936, p. 53 
Need for work on the problem.-- This inclusion of the 
scientific attitude in educational literature during the last 
3 
twenty-five years and its recognition as one of the important 
aims of education is commendable, however, "much glib talk about 
scientific thinking and too little actual practice in exercising y 
such thinking has been our weakness. tr y 
With respect to this weakness, Dewey wrote: "But the 
scientific attitude, the will to use the scientific method and 
the necessary equipment to put the will into effect, is still, 
speaking for the mass of people, unchoate and unformed." 
There are many reasons why educators have failed to over-
come this weakness. It is partly due to a lack of general 
agreement and understanding as to what habits of thinking 
constitute the scientific attitude. There is also a confusion 
as to the methods and materials to be used in teaching and 
testing for these results. Perhaps it is not possible to 
instill the scientific attitude into the mind of a boy or girl. 
Such are the problems that mus~ be overcome through study and 
research in the field of attit~des. 
2. Method 
Sources of material.-- Since this paper is a review of the 
r esearch dealing with the scientific attitude, it is of utmost 
~G.O. Blough, "Scientific Attitude, 11 Science Education 
~ecember, 1942), 26:206 J ohn Dewey, 11 The Supreme Intellectual Obligation," Science ucation, (February, 1934), 18:2 
importance that no significant study be overlooked. In an 
attempt to assure this, the following sources have been 
examined: 
1. The card files of the Boston University and Harvard 
University School of Education Libraries. 
2. Education Index 
3. Readers Guide to Periodical Literature 
4. Reviews of Educational Research, Americam Educational 
Research Association 
5. Research Bulletins, National Education Association 
6. Indexes of: 
a. Journal of Educational Research 
b. Science Education 
c. School Science and Mathematics 
d. Yearbooks of the National Society for the Study 
of Education 
7. Bibliographies of research studies 
8. Bibliography, Library Research Service, Encyclopaedia 
Britannica, Inc. 
Organization of .material.-- Each study which proved 
significant and objective has been summarized m1der the 
following heads: 
1. The problem 
2. The methods used in solving it 
3. The results obtained 
4. The implications for education 
Each sunnnarized study was grouped into one of three ·, 
problems with which it was concerned: 
1. The definition of the scientific attitude 
4 
2. The teaching of the scientific attitude 
3. The measurement of the scientific attitude 
The final chapter is a summary of the implications of all 
research that has been considered. 
5 
It is hoped that this study of the research on the 
scientific attitude will be helpful to the teacher who is 
interested in developing in his students those a ttitudes of mind 
which are considef',ed so important, and to the research worker 
who plans to do experimental work in this field. 
CHAPTER II 
A sm~~ARY OF RESEARCH CONCERNED WITH THE 
DEFINI'l'ION OF THE SCIEN'l'IFIC ATTITUDE 
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~VHAT IS A SCilli~TIFIC ATTITUDE 
George J. Skewes 
PROBLEM y 
The problem of this study is to identify the component 
elements of the scientific attitude. 
METHOD 
From the literature concerning attitudes, a list of the 
characteristics which might be considered elements of the 
scient i fic attitude were compiled. This list was sent to 250 
well-trained, experienced teachers in all parts of the United 
states. A total of 162 replies were received to the question-
naire of which 70 accepted all the 66 suggested characteristics 
as typical of the scientific attitude. These replies were 
discarded as they did not contribute toward the discrimination 
of the characteristics. Those items were accepted which were 
chosen by at least eighty percent of the teachers. 
RESULTS 
The list of items accepted follows: 5:1 
ul. Willingness to change opinion on the basis of evidence 
2. Search for the whole truth regardless of personal, 
religious or social prejudice 
3. Concept of cause and effect relationship 
ijdeorg e J. Skewes, "What is the Scientific Attitud_e," School 
Science and Mathematics (December, 1933), 33:964-968 
g/Ibid., p. 966. 
I 
,, 
8 
4. Habit of basing judgewent on fact 
5. Power or ability to distinguish between fact and theory 
6. Freedom from superstitious beliefs.'' 
IMPLICATIONS 
Examination of the items reveals that three of them center 
round the idea of coming to a proper conclusion from evidence. 
his is expressed as 11 Willingness to change opinion on the basis 
f new evidence, search for the whole truth regardless of person 
,religious or social prejudice, and Habit o.f basing judgement 
fact." 
Through the understanding o.f the elements inherent in the 
scientific attitude, it may be possible to devixe tests to 
easure these elements so that science teachers will be able to 
etermine objectively whether science courses do promote a 
scientific attitude in pupils taking such courses. 
THE SCIENTIFIC METHOD - ATTITUDES AND SKILLS ESSENTIAL TO 
THE SCIEN'l'IFIC METHOD, AND THEIR TREATMENT I N GENERAL 
SCIENCE AND ELEMENTARY BIOLOGY TEXTBOOKS 
Victor L. Crowell, Jr. 
PROBLEM 
1/ 
The problem of this study is to: 
1. Ascertain some of the most important attitudes and 
skills involved in the scientific method. 
2. Find out in what manner and to what extent these skills 
and attitudes are treated in textbooks of general 
science and elementary biology used in the schools of 
New Jersey. 
METHOD 
A large portion of the available literature was examined to 
find out what authors of books and magazine articles on logic, 
philosophy, science education, and science measurement, 
considered to be important elements of t h e scientific method. 
These elements were utilized to prepare a list of specific 
attitudes and skills involved in the scientific method. There 
were twenty-nine attitudes and twenty-five skills in the initial 
list. This list was evaluated by sixty-four individuals 
representing faculty members of normal schools, teachers 
1/Victor L. Crowell, Jr., 11 The Scientific Method- Attitudes and 
Skills Essential to the Scientific Method and Their Treatment in 
General Scien ce and Elementary Biology Textbooks," School scienc~ 
and Mathematics (May, 1937), 37:525-531. 
colleges, and universities. On the basis of t h e judgements of 
t hese judges, the attitudes and skills were rank ed in order of 
lbmportance. 
The thirteen biology textbooks and the eight general scienc~ 
textbooks most frequently used in New J·ersey were examined to 
find out what methods were used by the authors in treating the 
topic of scientific method, and which of the attitudes and 
skills rated as most important by the ju~y were mentioned by the 
authors. In addition, twelve new or revised editions of general 
science and biology textbooks published in 1934 and 1935 were 
examined in order to determine whether or not they differed from 
the older books in their treatment of this topic. 
The methods used by the authors in treating the topic of 
scientific method were described, and a comparison was made 
between the rankings of the attitudes and skills treated in the 
textbooks, b ased on the frequency of mention, and the ranking 
according to the judgement of the jury. 
RESULTS 
There exists a substantial agreement among science teachers 
responding to the questionnaire concerning the relative 
importance of the specifi c attitudes and skills which were 
involved in the scientific method. Sixteen of ,the twenty-nine 
attitudes and twenty-three of the twenty-five skills were 
considered important by eighty percent of the judges. 
Openraindedness, carefulness, and accuracy seem to be the 
outstanding elements in the scientific method according to the 
ll 
opinions of the judges in this study. The sixteen attitudes y 
rated important by eighty percent of the judges follow: 
til. one must revise one's opinion· if the evidence warrants 
2. one must be careful and accurate in what one does 
3. one's judgement must be unpre.judiced and impersonal as 
is possible 
4. Nothing can happen without a cause 
5. It is necessary to be systematic in the gathering and 
recording of data 
6. one must hold one's conclusions as tentative and 
suspend judgement until all available facts are 
secured 
7. Theories are often valuable because of the experiments 
to which they lead, even though they themselves are 
later disproved 
8. One must be slow to accept as fact such statements as 
are not supported by convincing proof 
9. One must view facts objectively 
10. one must be free from dogma and superstition 
11. The adequacy and appropriateness of one'S data can be 
decided upon only as ::-a result of careful reasoning 
12. one should rely on facts 
13. Man's conception of truth changes 
14. It is necessary to plan prior to execution 
15. One must recognize that data are not of equal value 
16. One must test all hypotheses against all availabie 
data." 
The average textbook of general science or biology is very 
poorly organized with respect to the topic of scientific method. 
Although many authors recognize the importance of the 
!/Op. cit., pp. 528-530 
scientific method, they have done little to organize the 
material in their books so that the scientific method may be . 
readily understood and made to function in the daily lives of 
the students. 
12 
'rhe more revently published textbooks devote more . space to 
the scientific method than do the Older .books! 
:zlhe correlation between the skills and attitudes considered 
important by the science teachers and the appearance of these 
attitudes and skills in the textbooks is not very significant. 
I MPLICAr:I'I ONS 
On the assumption that agreement by eighty percent of the 
judges is an indication of the extreme importance of these 
attitudes, then these are the ones which teachers in all grades 
should strive consciously to develop in all pupils so that they 
will function in their daily thinking . 
In order to be effective, a textb ook should have numerous 
definite learning activities throughout the book which are 
designed to increase t he students familiarity with the scientif-
ic method and the attitudes and skills fundamental to it. 
Since the correlation between the attitudes and skills 
which the science teachers consider important and the appearance 
of these attitudes and skills in textbooks of g eneral science 
and biology is very low, it would seem that the authors of text-
books could improve their selection. 
13 
WHAT IS THE SCIENTIFIC ATTITUDE 
Robert L. Eb el 
PROBLEM y 
In this study, Ebel attempts to develop a sound 
definition of the scientific attitude. Two reasons why a sound 
definition of the scientific attitude is necessary and should 
. y 
be a part of the progressive teacher's equipment are: 
11 1. Modern educational thought regards the imparting o:f the 
scientific attitude as a fundamental obligation o:f 
science teaching 
2. One prerequisite to effective teaching of the 
scientific attitude is a concise definition of it. For 
we can neither teach effectively nor measure the 
results of our teaching without a definite notion of 
what is being taught. 11 
~ y 
Upon analysing the work of Curtis and Davis on this 
same problem, Ebel found several defects in their technique. E) . 
They are as follows: 
11 1. The uncontrolled editing of the philosophical suggest-
ions concerning scientific attitudes before passing 
them on to the judges was of great significance in 
determining the final definition 
2. The questionnaire tecl~ique was employed to secure 
judgements which call for much reflective thinking and 
while there is no objective evidence on the reliability 
of the questionnaire as a devise for · selecting elements 
o:f the scientific attitude, there is a general mistrust 
YRobert 1. Ebel, 11 \IVhat is the Scientific Attitude," Science 
Education (January, 1938), 22:1-5; ( February, 1938), 22:75-81. 
g/Ibid., p. l. 
3 Op. cit., pp. 50-112 
!/Ira c. Davis, "The Measurement of the Scientific Attitude, 11 
Science Education (October, 1935), 19:117-122. 
~Robert L. Ebel, Op. cit., pp. 2-3 
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of the questionnaire as a means of securing judgments. 
3. The procedure secures composite judgement in relation to 
a matter which really demands advanced thinking . New 
ideas are not developed by compositejudgement but by 
independent, individual investigation. Composite judge-
ment represents the status quo, not the ultimate 
desideratum 
4. The definitions rest upon supposedly expert judgement, 
although there is as yet little expertness with referencE 
to the scientific attitude." 
Because of these serious defects in the technique of defin-
~ng the scientific attitude, Ebel believes that if real improve-
ment is to be made in this direction it will require a different 
approach to the prob lem. 
METHOD 
In formulating a basic philosophy for the development of a 
sound definition for the scientific attitude, Ebel makes three 
assumptions and from these assumptions he prescribes the steps 
that must be taken by the logical definer of the scientific 
attitude. The three assumptions are as follows: 
y 
11 1. The scientific attitude is a unified state of mind 
. 2. Any sound definition of the scientific attitude must be 
based on the philosophical suggestions which appear in 
the literature 
3. Some of the suggestions may be wrong." 
Therefore, the job of the logical definer is:~ 
11 1. To search the literature for as many philosophical 
suggestions of the scientific attitude as possible 
2. To set up definite criteria for judging which are and 
which are not true characteristics of the scientific 
attitude 
3. To test t h ese suggestions in terms of the criteria 
established and retain only those which pass the test. 
4. To classify the characteristics accepted in terms of 
their common elements 
wop. cit., p. 4 
~/Ibid., p. 5 
5. To determine the relations existing between the 
various classes and members of classes 
6. To formulate finally an integrated statement of the 
scientific attitude which truly corresponds to the 
unified statement of mind." 
To carry out the foregoing steps in the development of the 
sci entific attitude, the following requirements were set up as 
y' 
a guide: 
11 1. The statement must be complete, being based on the 
widest possible survey of suggestions concerning 
characteristics of the scientif ic attitude 
2. The statement must be accurate 
a. All of its elements must fit a rigorous definition 
of the term •atti tude' 
b. All of its elements must fit a rigorous definition 
of the term •scientific' as it is used in relation 
to attitudes 
c. All of its elements must be stated in concise 
meaningful terms 
3. The statemen t must b e integrated 
a. All of its elements must be grouped on the basis of 
their common characteristics 
b. All of its elements must be arranged to show the 
relationships existing between them." 
Before the above requirements could be put into use, it 
was necessary to define the terms 11 attitude 11 and "scientific" . 
To define the term "attitude 11 , the definitions given in six 
standard dict i onari es and one encyclopedia were collected and 
studied. From this, the f ollowing statement was adopted as a 
?::! guide: "An attitude is a stabilized mental set which 
expresse s itself in a tendency to react to any member of a 
class of stimuli in the same g eneral way." In defining the term 
scientif ic' as it is used in relation to attitudes, it was 
found that it might be interpret ed . e.ither as the attitudes 
Y Op. cit. , p. 5 
_g[Ibid.!...'-_ p. 75 
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which have existed in the minds of outstanding men of science or 
as the attitudes which tend to foster scientific achievement. 
For the purpose of this study, Ebel formulated the following 
definition:.!/ "A scientific attitude is an attitude which will 
tend to foster scientific achievement." 
on the ba.sis of these definitions of attitude and 
scientific, the following test for the suggestions relating to 
2/ 
the scientific attitude was set up:-
11 1. Can the thing suggested be a mental set? 
2. Can the thing suggested affect a variety of stimuli? 
3. Can the thing suggested condition the mind to a certain 
type of response? 
4. Can the thing suggested become stabilized? 
5. Can the thing suggeBted foster scientific achievement, 
which includes: 
a. Addition to the world's store of organized truth, 
b. Addition to the individuals store of organized trutb 
c. Use of organized truth as a basis for determining 
action?" 
A survey of the literature to gather suggestions concerning 
the scientific attitude resulted in a total of 432 suggestions 
being gathered. When the above test was applied to each of the 
suggestions, twenty were eliminated, leaving 412 acceptable 
elements. These were then classified in terms of their common 
characteristics and arranged in accordance with the relations 
existing between them. 
RESULTS 
The comprehensive list of the elements that constitute the 
definition of the scientific attitude as prepared by Ebel, 
0Y Op • cit. , p. 5 
2/Ibid., p. 75 
1r7 
!follows: 
y 
ur. Readiness to be confident that human intelligence can 
understand the phenomena of nature, and through that 
understanding can become able to control the forces of 
life. This element of the scientific attitude 
A. Consists of 
1. Readiness to be confident that natural phenomena 
are understandable, which involves 
a. Readiness to be confident that the universe 
is a self-sustaining unit, which involves 
(1) Readiness to believe that there is no 
. supernatural interference in the universe. 
(2) Readiness to believe that even man is a 
natural phenomenon. 
b. Readiness to believe that there are orderly 
interrelationships between all natural 
phenomena, which includes 
(1) Readiness to believe that there are 
reasons for all things, including 
(a) Readiness to believe that every event 
has a natural cause. 
(b) Readiness to believe that the same 
cause always has the same effect. 
(c) Readiness to believe that consequences 
can be deduced or explained in terms 
of their antecedents. 
(2) Readiness to believe that recurring 
sequences of cause and effect indicate 
permanent general relations which may be 
formulated as natural laws, involving 
(a) Readiness to believe that the truth 
itself does not change, although our 
ideas of it may change. 
(b) Readiness to believe that these laws 
may be used to accurately predict 
occurrences of natural phenomena. 
c. Readiness to be confident that these various 
relations indicate a systematic unity in 
natural relations. 
2. Rea.diness to be confident that human intell-igence 
is capable of understanding natural phenomena 
which involves · ' 
a. Readiness to be confident in sensory data, 
which involves 
(1) Readiness to believe that the world of 
common sense experience cannot be 
transcended. 
(2) Readiness to believe that the objective 
~Op. cit., pp. 76-79 
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evidence obtained by observation of the 
natural world is the only dependable source 
of truth. 
b. Readiness to have confidence in human 
reasoning 
3. Readiness to be confident that this understanding 
will enable man to gain increasing ability to 
adjust himself to the forces that affect life and 
to gain increasing control over these forves. 
B. Gives rise to 
1. Readiness to discredit and abandon all beliefs 
which depend on a supernatural interference or the 
suspension of natural laws, which involves 
a. Readiness to discredit and abandon super-
stitious beliefs 
b. Readiness to discredit and abandon beliefs in 
miraculous occurrences 
c. Readiness to discredit and abandon belief in 
the possibility of getting §omething for 
nothing. 
d. Readiness to discredit and abandon·belief in 
the innate authority of hunches, first 
impressions, feelings, etc. 
2. Readiness to accept tested human lmowledge. 
3. Readiness to deny the possibility of danger in 
flooding the world with to much lmowledge. 
4. Readiness to seek personally to understand the 
phenomena of nature, which involves 
a. Readiness to seek unified, orderly, 
comprehension of natural phenomena. 
b. Readiness to rely ultimately upon individual 
Dhinking and independent judgement. 
5. Readiness to attack problems with reason, which 
involves 
a. Readiness to think freely, defying all dogmas, 
precedents, authoritative dicta and traditions 
which are not based on reason. 
b. Readiness to seek truth through observation, 
experience, and thinking. 
c. Readiness to look for true cause and effect 
relations. 
d. Readiness to use imagination constructively to 
suggest a variety of hypothetical solutions to 
a problem. 
e. Readines s to test the hypothesis in the hope of 
developing dependable laws which will solve not 
only the immediate problem but also the 
problems of a like nature. 
6. Readiness to deny that the status quo or the trend 
of events are inevmtable. 
7. Readiness to seek to control human action with 
persuasion, not with force. 
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II. Readiness to seek true understanding of the phenomena 
of nature. This element of the sci entific attitude 
A. Arises from 
1. Readiness to love knowledge for its own sake. 
2. Readiness to be devoted to social service, which 
involves 
a. Readiness to desire improvement in the status 
quo. 
b. Readiness to seek increasing control over the 
forces of life, not for private exploitations 
of other humans, but for the progressive 
achievement of social welfare. 
3. Readiness to seek personal achievement. 
B. Gives rise 
1. In relation to the phenomena of nature in general 
to 
, a. Readiness to have broad and versatile interest 
b. Readiness to be sensitively curious. 
c. Readiness to attempt the discovery of new 
knowledge. 
2. In relation to specific problems, to 
a. Readiness to make an active attack on the 
problem. 
b. Readiness to be industrious, persistent, and 
relentless in the search for truth. 
c. Readiness to overcome obstacles in the 
discovery of truth, which involves 
(1) Readiness to face personal danger in the 
pursuit of truth with a courageous, 
adventurous spirit. 
(2) Readiness to defy intolerance, to cast off 
restrictions, and to think freely in the 
pursuit of truth. 
(3) Readiness to sacriface personal interest 
in profit, reputation, or even life itself 
with an unselfish, heroic devotion to 
truth. 
{4) Readiness to disregard any unpleasantness 
of conditions, processes, or conclusions 
in searching for truth. 
(5) Readiness to ignore the apparent useless-
ness of the truth being sought, and to 
ignore the lack of assured material reward 
for its discovery. 
d. Readiness to attempt to improve the methods of 
obtaining truth. 
e. Readiness to record and openly publish all 
discoveries and developments so they may make 
an unselfish contribution to scientific 
advancement and social progress. 
3. In relation to scientific achievements, to 
a. Readiness to consider the disclosure of truth 
to be the greatest of all achie~e~~========*========= 
2Q 
b. Readiness to respect and amnire those who have 
contributed to the disclosure of truth. 
III. Readiness to seek correctness in work and thinking 
so that truth may be discovered. This element of the 
scientific attitude includes 
A. Readiness to seek specific training for any 
observing, experimenting, thinking, or other 
operation necessary to the discovery of truth. 
B. Readiness to seek factual basis for all 
conclusions, and to avoid assertions, this 
involves 
1. Readiness to distinguish between facts, which 
correspond to objective reality, and fancies. 
2. Readiness to investigate and gather evidence, 
which includes 
a. Readiness to observe and experiment. 
b. Readiness to read reports of similar 
investigations to acquire the data others 
have gathered. 
c. Readiness to recall pertinent information 
out of all previous experience. 
3. Readiness to examine and compare the data, 
which includ es 
a. Readiness to pick out essential evidence i 
the data. 
b. Readiness to discover similarities, 
dissimilarities, and exceptions in the data 
c. Readiness to determine what conclusions ma 
be derived from the data. 
c. Readiness to be careful and painstakingly 
accurate in all work and thinking, which involves 
1. Readiness to define the problem. 
2. Readiness to observe accurately, which 
involves 
a. Readiness to control the conditions under 
which observa tions take place, including 
(1) Readiness to isolate the facts to be 
observed, removmng irrelevant objects 
and distractions. 
(2) Readiness to avoid complexity and 
brevity in the events observed. 
b. Readiness to observe minutely. 
c. Readiness to use mechanical aids to extend 
the range of observation 
d. Readiness to use measuring instruments to 
improve the precision of observation. 
3. Readiness to experiment accurately, which 
includes 
a. Readiness to plan and execmte the 
experiment vigorously and accurately. 
b. Readiness to control all conditions. 
c. Readiness to permit only one variable. 
d. Readiness to use control ex~nLe~ 
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4. Readiness to think accurately, which includes 
a. Readiness to think logically, involving 
(1) Readiness to use sound, pertinent, and 
adequate data in making decisions. 
(2) Readiness to follow rules of logic in 
making deductions · 
b. Readiness to think objectively, which 
involves 
(1} Readiness to avoid rationalization. 
,(2} Readiness to avoid wishful thinking . 
c. Readiness to think deeply, which involves 
(1} Readiness to penetrate external 
appearances. 
{2) Readiness to avoid basing conclusions 
on coincidence. 
f3) Readiness to avoid basing conclusions 
on superficial analogy. 
d. Readiness to think coldly, which involves 
{l) Readiness to be impersonal and 
disinterested in thinking. 
(2) Readiness to be unemotional, 
dispassienate, and thoroughly self-
controlled in thinking . 
(3) Readiness to control imagination. 
(4) Readiness to avoid being swayed by 
oratory. 
(5) Readiness to avoid being swayed by the 
mere novelty of sensationalism of an 
idea. 
5. Readiness to calculate accurately. 
6. Readiness to use words accurately, -which 
involves 
a. Readiness to read carefully. 
b. Readiness to use words carefully. 
c. Readiness to define all terms. 
7. Readiness to be accurate in statement, which 
involves 
a. Readiness to avoid assertion. 
b. Readiness to avoid exaggeration. 
c. Readiness to be explicit, not vague. 
d. Readiness to use quantitative expre s sion. 
8. Headiness to record procedures and results to 
eliminate the inexactness of memory. 
D. Readiness to be orderly in all work and thinking, 
which involves 
1. Readiness to be systematic in attacking a 
problem, in observation, and in examination of 
data. 
2. Re adiness to organize data and arrange it 
cogently. 
E. Readiness to seek completeness in all work and 
thinking which involves 
1. Readiness to seek all facts which involves 
a. Readiness to observe and experiment 
extensively and under a variety of 
conditions. 
b. Readiness to read widely. 
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2. Readiness to consider all possible hyptheses. 
3. Readiness to keep alert for and listen to any 
suggestions for further observations, 
experiments, readin~ or thinking. 
4. Readiness to persist until all adequate 
explanations had been discovered, or the whole 
truth made clear. 
F. Readiness to avoid needless complexity in 
conclusions, which involves 
1. Readiness to favor the simplest explanation of 
a phenomenon. 
2. Readiness to favor the most fruitful 
hypothesis which, having widest application, 
relates the greatest number of facts to each 
other. 
G. Readiness to be openminded, which involves 
1. Readiness to be openminded in recognizing new 
conceptions regardless of their conflict with 
tradition. 
2. Readiness to prevent any doctrine from 
becoming a master to thinking. 
H. Readiness to be intellectually honest, which 
involves 
1. Readiness to eliminate prejudices, bigotry, 
and bias. 
2. Readiness to be convinced by the evidence, 
which involves 
a. Readiness to admit error when it becomes 
apparent. 
b. Readiness to abandon pet hypotheses. 
c. Readiness to change opinion on the basis of 
new evidence. 
3. Readiness to recognize the limits of 
accuracy, probability of correctness, and 
significance of all conclusions, including 
scientific conclusions. 
4. Readiness to be humble, which involves 
a. Readiness to recognize the contributions of 
others. 
b. Readiness to recognize the relative 
insignificance of present accomplishment in 
comparison with the tremendous work 
remaining. 
I. Readiness to check and verify all work and 
thinking wh ich involves 
1. Readiness to verify observation, experiment, 
and thinking by repetition and comparison. 
2. Readiness to verify deductions by checking 
them in terms of the rules of lo~ic. 
3. Readiness to test hypotheses by applying them 
to all the facts. 
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4. Readiness to test theories by making predict-
ions on the basis of them and comparing the 
predicted results with the observed results. 
5. Readiness to record and openly publish all 
discoveries and d evelopments so that they may 
be checked by others. 
J. Readiness to suspend judgement until all facts are 
in and have been considered, which involves 
1. Readiness to refuse snap judgements and hasty 
generalizations. 
2. Readiness to deliberately reflect on the facts. 
3. Re a diness to be active but patient in attempt-
ing to arrive at judg ements, neither expecting 
nor demanding immediate success in a ttempts to 
discover the truth . 
4. Readiness to tolerate and resp ect another's 
point of view, pending suitable investig ation. 
5. Readiness to recognize the tentativeness of all 
conclusions, including scientific conclusions. 
6. Readiness to hold opinion tentatively. 
K. Readiness to be critical of all work and thinking, 
which involves 
1. Readiness to examine all work and think ing , to 
see if it has the characteristics of scientific 
correctness. 
2. Readiness to extend the attitude of critical-
ness so that it includes self criticism. 
L. Readiness to be rationally and impartially 
skep tical of t h e products of human work and think-
ing, which involves 
1. Readiness to be cautious and conserva tive in 
accepting conclusions. 
2. Readiness to avoid gullibility and over-
credulity." 
IMPLICATIONS 
In the course of this writer's work on the scientific 
attitude, this is the most extensive definition found. One 
criticism of it might be that it is too extensive and complex to 
be of practical use. If there are p articular uses where 
extensiveness and complexity are serious handicaps, they may be 
remedied by eliminating the less important- sub-headings. on the 
other hand, if the definition is to be usen ~ ~'~ ~ aui.d.A ; n ·Fho 
I 
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teaching and testing of the scientific attitude, then it would 
seem that its extensiveness is a decided advantage for if would 
be difficult to develop such abstract qualities as open-mind ed-
ness and accuracy if there were no specific statements explain-
ing their meaning and application. 
CHAPTER III 
A SUMMARY OF RESEARCH CONCERNED WITH THE 
TEACHING OF THE SCIENTIF'IC ATTITUDE 
-25-
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SOME VALUES DERIVED FROM EXTENSIVE READING OF GENERAL SCIENCE 
Francis D. Curtis 
Part 1 
PROBLEM y 
The problem of this part of the study is to determine 
whether effect i ve training in scientif ic attitudes can be given 
pupils in the eighth and ninth grades. 
METHOD 
The philosophical literature was analyzed to secure a list 
of scientif ic attitudes. This list was then submitted for 
criticism and suggestions regarding deletions and additions to 
100 teachers of science in high schools and universities. A 
final list of sci entific attitudes was constructed from the 
judgements given. This f inal list follows: 5:./ 
ul. Convicti on of universal basic cause and effect 
relations rendered untenable, 
a. Superstitious beliefs in general, as 'signs' of 
rgood or bad luck', and charms, 
b. Unexplained mysteries, 
c. 'Beats all' attitude, commonly revealed by 
( 1) Too ready credulity, · · 
(2) Tendency to magnify the importance of 
coincidence. · 
2. Sensitive curiosity concerning reasons for happening s, 
coupled with ideals 
a. Of careful and accurate observations, or equally 
careful and accurate use of pertinent data 
previously collected by others; 
b. Of patient collection of data; 
c. Of persistence in search for adequate explanation, 
3. Habit of delayed response, holding views tentatively 
ljFranci s D. C:urtis, Some Values Derived fr~m the Extensive 
rteading of General Science, Contribution to Education No 163 
Teacliers Coll ege, Columbia Univer~ity, 1924, pp. 50-li2 • ' 
2/Ibid., p. 48 
for suitable reflection (varying with the matter in 
hand), 
a. To permit adequate considerations of possible 
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options, 
b. To permit a continuous plan of attack, clearly look-
ing forward to a prediction of the probable outcome 
or solution. 
4. Habit of weighing evidence with respect to its 
a. p ertinence, 
b. Soundness, 
c. Adequacw:. 
5. Respect for another's point of view, an openmindedness 
and willingness to be convinced by evidence." 
A group Test of Scientific Attitudes was then constructed 
to measure the scientific attitudes of this list. 
Special instruction was given to a group of eighth grade 
boys known as group A. This instruction which took in all about 
two hours time during parts of six meetings consisted of 
discussion by the investigator and the class, of newspaper 
clippings containing false deductions, problems of insufficient 
and superfluous data, siscussions of superstitions, incompleted 
demonstrations of experiments permitting prediction of possible 
solutions and the like. Four months following the end of the 
experimental period, the Test of Scientific Attitudes was 
administered to group A and to the control groups. 
RESULTS y 
According to Curtis: "the conclusion seems justified that 
a little instruction in scientific attitudes pays large 
dividends." 
The test was also administered to a class of twenty-eight 
graduate students in teachers colleg e and in comparing their 
yop. cit., p. 78 
results with those specifically trained in the scientific 
attitudes it would seem to indicate that extensive training in 
scientific subject matter, superior intelligence, maturity, and 
more or less extensive experience in teaching science does not 
in itself insure the degree of possession of scientific attitude 
which may be secured by definite training toward that end. 
The experiment also indicates that training in scientific 
attitudes is not immediately lost but remains to a considerable 
extent for some time after tra ining is given. 
A positive correlation was found between Brightness 
Quotient and scientific attitudes as measured by the test, but 
because of the lack of data and t~e small number of cases, the 
probable error is too high to justify definite conclusions 
regarding the correlation between intelligence and presence of 
scientific attitudes. 
Part 2 
PROBLEM 
The problem of this part is to determine whether ordinary 
classwork in general science is in itself effective in training 
pupils in scientific attitudes, and whether the recreational 
reading of scientific books in itself gives training in the 
scientific attitudes. 
METHOD 
The Test of Scientific Attitudes was administered to the 
experimental and control groups. The experimental group was 
doing extensive voluntary recreational readin of scien · 
29 
books but no attempt was made by the teacher to teach scientific 
attitudes. 
RESULTS 
The experimental group scored significantly higher than the 
control. 
IMPLICATIONS 
Some training in scientific attitudes is given by extensive 
reading in general science, " ••• but such gains as may thus be 
secured are inconsiderable as compared with those made when 
definite . instruction is scientific attitudes is given."!/ 
The relatively low scores of the controls as compared with 
the experimental group who are taking the regular couBse in 
general science indicate that scientific attitudes are not 
developed by ordinary classwork to any extent. 
1/0p. cit., pp. 102-103 
A STUDY OF SCIENTIFIC ATTITUDES AS RELATED TO 
FACTUAL KNOWLEDGE 
E.B. Moore 
PROBLEM y 
The problem of this study is to test the assumption that 
a scientific attitude is developed by a knowledge of scientific 
facts and varies directly with such knowledge. 
METHOD 
1. A trial group was tested using the Otis Group 
Intelligence Scale. 
2. Tests of judgement and fact were constructed by using 
situations from everyday life. 
3. The final form of the test was administered to 120 
subjects from six groups. 
4. The findings were studied to determine the differences 
between men and women, between different groups of pupils, 
between those who have studied science and those who have not, 
between those interested in science and those not, and those 
who are superstitious and those not. 
RESULTS 
1. The men averaged 2.07 errors on each group of items 
while the women averaged 1.90 errors. 
2. Sixty-ome percent of those interested in particular 
!/Evelyn B. Moore, 11 A study of Scientific Attitudes As Related 
to Factual Knowledge," School Review (1930), 38:379-386 
scientific subjects found easiest those items dealing with the 
particular phases of science in which they were interested. This 
interest improved their knowledge of facts but did not improve 
~ their judgement. 
4. 471 superstitions were revealed by the answers of 90 of 
the 120 subjects tested. 
5. The groups arranged in order of their relation between 
their ability to choose the correct items to explain a situation 
and their knowledge of facts are: (1) elementary, (2) junior 
college, (3) high school teachers, (4) adults without science, 
(5) ninth grade pupils taking general science, (6) eighth grade 
pupils with no science 
IMPLICATI()NS 
1. The ability to distinguish a valid explanation from one 
less valid is closely related to a knowledge of facts and 
principibes. 
2. The ability to apply knowledge is not in direct 
proportion to that possessed. 
3. Certain other factors affect the relation between a 
scientific attitude and factual knowledge. 
a. The study of science for at least a year increases :.- the 
proportion of facts which can be applied. 
b. Prejudice and superstition lower the ability to apply 
facts. 
c. Science reading increases the knowledge and applicat-
ion of facts. 
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4. sex has little effect on he amoun ge 
and the ability to apply it. 
5. The more experience with a given situation, the better 
the application of knowledge. This would indicate that in the 
teaching of science we should apply facts and principles to as 
many important situations in daily life as possible. 
ATTITUDES AND SKILLS IN ELEMENTARY SCIENCE 
Florence Weller 
PROBLEM 
1/ 
The problem of this study is to find what attitudes and 
skills a teacher cru1 expect to develop in elementary science. 
METHOD - PAR':e I 
In two units of study for sixth grades, one on "Our 
Universe", and the other on "The Adaptability of Plants and 
Animals to their Environment 11 , an attempt was made to direct 
both teacher's and childrenls attention to attitudes as well as 
factual knowledge. Two true-false tests were constructed for 
each unit. The first half of each test consisted of items like 
the following: ?:/ 
"Stars have five points. 
A person dies because a star falls. 
A moon shining on a person's face will cause him to go 
" crazy. 
As more discoveries are made concerning stars we may 
change our ideas about them. 
Your future can be told if it is known under what stars 
you were born. 
Playing with frogs makes warts on your hands. 
The earth is always changing. 
No two plants and animals are exactly alike. 
Man is one of the highest animals. 
Muskrats build their houses higher than usual if it is to 
be a severe winter." 
These two tests were paralleled with tests containing 
~actual knowledge on the same subjects. These tests were then 
~Florence WeLLer, "Attitudes and Skills in Elementary Science, 11 
Science Education (April, 1933}, 17:90-97 
gJ_Ibid., p. 91 
given to 450 children in the sixth grade in the Baltimore 
schools as pre-tests and finals. 
RESULTS - Part I 
Test NQ. 
l 
1 
2 
2 
Test Type 
Attitude 
Knowledge 
Attitude 
Knowledge 
Correlation of scores with I. Q. = .24 
% Gain 
44.4 
39.4 
45.5 
47.9 
These results indicate that equal gains have been made in 
the learning of attitude items and knowledge items. Also that 
there is very little correlation between achievement on these 
tests and the I.Q. of the pupils. 
IMPLICATIONS - PART I 
Many questions arise concerning the results of these tests. 
Are the atti tudes really developed so that they are part of the 
child or have the children merely learned which items to check 
true and which false for purposes of the test? In other words, 
is it functional learning that will affect the behavior of the 
learner? Is the learning of the attitude items concomitant with 
the master ing of the factual items? Upon what does the develop-
ment of these specific attitudes depend? 
Wl.ETHOD ~ PART II 
A second experiment was tried in which three sets of tests 
were used: two true-false examinations of forty-five questions 
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each, based on superstitions and erroneous conceptions connected 
with the topic; two multiple choice examinations of twenty-one 
items, constructed so that the first question of each set 
attempted to measure observation, the second a conclusion drawn, 
and a third a proof or possible verification of the conclusion 
drawn; and two true-false examinations of seventeen items each 
testing f~ctual knowledge only. A few examples follow: 
y 
Superstition and Erroneous conceptions 
1. Finding a four leaf clover brings good luck. 
2. A person dies because a star falls. 
3. To go to sleep while looking at the moon causes night-
mares. 
4. Muskrats build houses higher than usual if the winter 
is to be a severe one. 
Observation, Conclusion Drawn, and Proof or Possible 
Verification 
1. If it is a clear day on February 2 and the ground hog 
sees its shadow 
a. there will be bad weather for forty days after that 
time 
b. we may or may not have bad weather 
c. it is a sur e sign of rain 
2. If it does rain for forty days after the groundhog has 
seen its shadow 
a. it is a sure sign that it mus t always do it every 
year 
b. it may just have happened that year 
c. it is a good weather forecast 
d. it will certainly happen again next year 
3. You can best prove yo~r answer to number two by 
a. asking the keeper of the zoo 
b. noting for several years whether or not we have had 
bad weather after the groundhog saw its shadow. 
c. asking your father or mother 
d. looking it up in a science book 
Knowledge 
1. Green leaves manufacture their own food. 
2. A star is a sun. 
1/0p. cit., pp. 93-94 
~ 
3. The moon shines by reflected light. 
4. Muskrats hibernate in winter." 
six sixth grade classes in Baltimore were taught these two 
units. In three of the classes the attitudes and techniques 
were stressed. Erroneous conceptions were deliberately brought 
up and discussed and superstitions argued out. One method of 
scientific thinking, that is, observation of much data, drawing 
a conclusion from it, and attempting to verify this conclusion 
was practived, using simple problems of the children. In the 
other three classes, only factual items were discussed. 
From these six classes of 230 children, the scores of the 
group of sixty who were equated on I.Q.'s, M.A.'s, C.A.'s and 
scores of stanford Reading tests were chosen for comparison. 
Thirty were in factual knowledge classes and thirty were in 
classes where the attitudes and techniques had been stressed. 
RESULTS - PART II 
In both the a ttitude and technique tests, the experimental 
group did significantly better than the control group. This 
seems to indicate that attitudes and skills may be more definite 
ly developed when the teacher and pupil are conscious of an 
effort in that direction rather than expecting these results as 
concomitants to the mastery of knowledge. There was no 
significant difference in the amount of factual knowledge gain-
ed by either group. 
IMPLICATIONS - PART II 
It seems reasonable to conclude that the teaching of 
elementary science with proper guidance provides an opportunitv 
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to grow in other ways than in the accumulating of factual know-
ledge; that the material of elementary science provides the mean 
of developimg desirable .a:ttitudes and skills in problem solving, 
if attention is focused on this aim; and that some beginning has 
been made in determining the effects of instruction upon super-
stitious beliefs. 
CHANGING UNFOUNDED BELIEFS - A UNIT IN BIOLOGY 
o. w. Caldwell and G.F. Lundeen 
PROBLEM y 
The problem of' this study is to measure the eff ects of' 
specific instruction regarding certain unfounded belief's t hat 
are associat ed with the subject of' heredity. 
In a biology unit "Heredity and its Application", a 
discussion of' unfounded belief's was included with the factual 
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material. It was used in biology classes of' two high schools in 
the state of' Pennsylvania and involved the partivipation of 231 
pup i l s . 
To measure the af'f'ect of' the remedial instruction regarding 
unfounded beliefs, it was necessary to measure the achievements 
with resp ect to the specia l items of the te s t dealing with such 
belief's. Therefore, a test consisting of' two parts, thirty-five 
true-false statements and thirty-five statements of' the multiple 
choice ty-pe were given before and after the instruction. 
RESULTS 
The average gain in achievement after a period of' instruct-
ion was 32.9 percent. All cla sses made sub s tantial gains in 
desired reactions regarding unf oun ded belie~ s. 
1/otis w. Caldwell and Gerhard F. Lundeen , "Changing unfounded 
Belief's- A Unit in Biology," School Sci:en.ce and Mathematics 
(April, 1933), 33:394-413 
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IMPLICATIONS 
The results show that the knowledge foundations of desir-
able attitudes concerning certain facts may be developed by 
remedial instruction. As a result of this instruction, the 
average percent gained in desired responses was greater regard-
ing unfounded beliefs than for all the items of the test. 
Discussion of common unfounded beliefs, included in this 
study may serve as a basis f or motivation of pupils' interest in 
t he subject of heredity and may serve as useful material in 
teaching scientific attitudes. 
A.n 
DOES SCIENCE TEACH SCIENTIFIC THINKI NG? 
Elliot R. Downing 
PROBLEM y 
The problem of this study is to determine if the science 
course as usually taught does produce scientific thinking. 
METHOD 
Downing devised a test of some of the elements and safe-
guards of scientific thinking and had it administered to 2500 
pupils from the 8-l2th grades, inclusive. 
RESULTS 
The returns show a gradual and fairly uniform increase in 
the percentage of correct answers from grade to grade: 
y 
No. of 
PUPILS GRADE SCORE 
300 8 
1/ 
35.3 
700 9 40.8 
300 10 47.9 
700 ll 50.4 
500 12 54.2 
But how f a r is science work responsible for the increase? 
To determine this, pupils with the same I.Q., one having had 
science the other no · science were compared. In such comparisons 
~Ell1ot R. Downing, "Does Science Teach Scientific Thinking," 
Science Education (April, 1933), 17:87-89 
12/Ibid., p. 88. 
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in nine out of fifteen cases, the no science pupils made higher 
scores than those who had two years of science. With thirteen 
pairs of seniors, one of each pair with no ~, science.,;. one with 
three and one-half to four years of science, the former 
received an average score of 51.6 and the latter 50.5. 
IMPLICATIONS 
The conclusion seems justified that there is no evidence 
that high school pupils acquire skill in scientific thinking as 
a necessary byproduct of scientific subjects as at present 
taught. 
CORRELATION OF NATURAL SCIENCE BELIEFS AND ATTITUDES 
WITH SOCIAL AND INTELLECTUAL FACTORS 
s.w. Wrightstone 
PROBLEM 
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y 
The problem of this study is to determine the degree of 
correlation that exists between the pupils total score on a 
natural science belief test and the following factors: 
1. Verbal intelligence 
2. Achievement for a standardized test of knowledge in 
general science 
3. Socio-economic status 
METHOD 
The natural science belief test and the tests on the three 
factors listed above were given to pupils in grades 7-12 
inclusive in the secondary schools of Summit, New Jersey, and 
Bronxville and Rochester, New York. 
Verbal intelligence was measured by the Otis Self-
Administering Test. Natural science knowledges were measured by 
the Cooperative General Science Test, Form 1933. And the Socio-
Economic status scores were measured by an adaptation of the Sim 
score Card for socio-Economic status. 
RESULTS 
The correlation of natural science beliefs with intellect-
ys.w. Wrightstone, "Correlation of Natural Science Beliefs and 
Attitudes with Social and Intellectual Factors," Science 
Education (February, 1934), 18:10-12. 
ual and social factors are as follows: 
Natural Science Beliefs Correlated with 
Verbal Intelligence 
Natural Scienc e Knowledge 
Socio-economic Status 
r 
.32 
.42 
.08 
PE 
.05 
.05 
.06 
This study i ndicates that only a slight relationship exists 
between I. Q. and scores on natural science belief tests, and 
little or no relationship vbetween the socio-economic status of 
the pupil and natural science beli ef s. Knowledge of natural 
sci ence, however, does show a posit i ve correlation with 
desirable natural science beliefs. This data also indicates 
that girls as a group are less discriminating in their natural 
sci ence beliefs than boys. 
I MPLICATIONS 
If belief s and attitudes play an important role in direct-
ing the lives of i ndividuals, the schools should try to develop 
desirable attitudes and beliefs as well as factual mater ial. 
One of the important findings of t his study is that both types 
of outcomes are correlative factors in the learning process. 
SUPERSTITIONS OF JUNIOR HIGH SCHOOL PUPILS: PART II, EFFECTS 
OF I NSTRUCTION ON SUPERSTITIOUS BELIEFS 
R.M. Zapf 
PROBLEM: y 
44 
The purpose of this study is to determine to what degree 
the supers tit i ous beliefs of junior high school pupils may be 
reduced by a couDse in general science which is directed toward 
eliminating superstitions. 
METHOD 
28p ninth grade pupils in general science spent two hours 
each week for one semester following a special method of 
instruction aimed at eliminating superstitions. This consisted 
of developimg a simple and logical set of questions for the 
students to follow in solving their problems. These questions 
based on the scientific method a r e as follows: 
y 
11 1. What do you want to find out? 
2. vVhat have you ever heard, experienced, or read about 
this? 
3. What do you think the answer is? 
4. What plan can you make for testing the truth of your 
answer? 
5. What facts have you found? 
6. Considering all these facts, what do you now feel is 
t h e correct answer to your problem?" 
yR.M. Zapf, "superstitions of Junior High School Pupils: Part 2 
Effects of Instruction on Superstitious Beliefs," Journal of 
Educational Research (April, 1936), 31:481-496. 
g/Ibid., p. 482 
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The group under special instruction was tested with the y 
Maller and Lundeen Superstition Test, the Zapf Superstition y 
Test, and the Woodworth Mathews Personal Data Sheet. 
As a control group for this experiment, 546 pupils who had 
taken the Maller and Lundeen test were grouped according to the 
numb er of semesters of general science work the pupils had 
previous to the experiment, and the averages of the scores in 
each found. 
RESULTS 
The experimental group showed a decided decrease in the 
average number of beliefs which it acknowledged. 
Regular general science work seemed to have no effect on 
reducing superstitious beliefs. 
There is a low positive correlation between belief in 
superstitions and emotional malajustment. 
IMPLICATIONS 
It would seem that, if a super·sti tions test is reliable, a 
course in general science which is devoted to the development of 
scientific attitudes and the elimination of sup erstitions is 
successful in reducing those beliefs. 
1/J.B. Maller and G.E. Lundeen, "Superstition and Emotional 
Malajustment," Journal of Educational Research (April, 1934), 
27:610-616. 
_gjR. M. Zapf, "Superstitions of Junior High School Pupils," 
Journal of Educational Research (1938), 31:435-446. 
I . 
THE CORRELATION BETWEEN SCIENTIFIC ATTITUDES AND FACTUAL 
KNOWLEDGE IN A HIGH SCHOOL CHEMISTRY TOPIC 
W.B. Reiner 
PROBLEM y 
The problem of this study is to find the correlation 
between information and a specific scientific attitude in the 
field of high. school chemistry. 
METHOD 
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Two tewts were constructed, one on information and one on 
a scientific attitude. The information test was based on the 
topic, "Heating of Metals in Air" and consisted of five items al 
of which had been thoroughly covered in class work three months 
rreviously. The scientific attitude chosen was from the study 
?:/ 
of curtis: 
"I. Conviction of universal cause and effect relations 
rendered untenable 
a. Superstitious beliefs in general, as 'signs' of 
'good or bad luck', and charms 
b. Unexplained mysteries 
c. 'Beats all' attitude, commonly revealed by 
1. Too ready credulity 
2. Tendency to magnify the importance of coincidencet 
An attitude test was constructed based on this attitude. No 
l pecific instruction in attitudes was given. To limit the 
t nfluence of the knowledge factor upon the attitude factor, the 
~owledge required to answer the attitude test was substantially ~W.B. Reiner, "The correlation Between Scientific Attitudes and 
f actual Knowledge in a High School Chemistry Topic 11 Science 
Education (November, 1939), 23:327~331. ' 
2/Francis D. Curtis Op. cit. n. 48. 
4.? 
the same as that required to answer the information test. 
The group used for investi~ation consisted of forty pupils 
in one recitation section. On· the basis of previous grades in 
other studies and their I.Q. scores, they could be considered 
bright. Both tests were given during the same period. 
RESULTS 
The coefficient of correlation was found to be .45 with a 
PE of less than .01. A correlation of : .45 seems to indica:be 
that stmdents may learn information and yet fail to get the 
desirable knowledge attitudes that are available in the same 
area of knowledge. 
The coefficient of variation of the factual knowledge test 
was found to be 9.30 and that of the scientific test 30.76. This 
means that approximately three and one-third times less 
individual difference existed in the learning off'factual know-
ledge. 
IMPLICATIONS 
From t h is data it is evident that either too much time is 
being spent memorizing facts or it is more difficult to instill 
a scientific attitude than it is to pass on facts. In view of 
the relative importance of attitudes versus knowledge, the 
teaching implication needs no further comment. 
DEVELOPMENT OF SCIENTIFIC THINKING 
THROUGH GENERAL SCIENCE 
G. M. Blair and M.R. Goodson 
PROBLEM y 
The purpose of this study ' is to determine whether 
A. A 
general science, as usually taught, develops in pupils the habit 
of scientific thinking. 
To determine whether general science, when a delib erate 
attempt is made to develop this t yp e of thinking, develops the 
habit of scientific thinking . 
METHOD 
Form 1 of Noll's test of scientific thinking, entitled, 
"What do you Think" was given to three groups of ninth grade 
pup i ls. These t hree groups represented the following : 
Group 1. A group taking genera l science taught by a method 
which gave spec±fic attention to the development 
of scientific thinking (experimental group) 
Group 2. A group taking general science accordi ng to the 
usual methods (science control group) 
Group 3. A group not taking general science at all (non-
science control group) 
Three mont hs later, Form 2 of the Noll test was given to th 
same groups. Four month s later, at the end of the school year, 
a retest was made with Form 1. The ·teachers of the twdl groups 
knew nothing about the experiment. The experimental group was 
yG. M. Blair and M. R. Goodson, "Development of Scientific Think-
ing Through General Sci ence," School Review (November 1939) 
47:695-700 , , 
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given organized work directed toward the engendering of habits 
of scientific thinking. 
RESULTS 
vVhen the groups were matched according to their scores on 
the first test, the results indicated that the experimental 
group made a gain of 7.3 points, the non-science group made a 
gain of 2 points, and the science group which was not given any 
particular training in scientific thinking made a gain of 4.0 
as compared with a similar gain of 4.0 points by the matched 
group of pupils not enrolled in any science course. 
The pupils taking the regular course in general science did 
not make any greater gains in scientific thinking as measured b~ 
the Noll test than did the comparable group of pupils not taking 
genera l science. The experimental group, however, gained nearl~ 
four times as much as did the matched group of non-science 
pupils. 
vVhen given a retest at the end of the year, the experiment-
al group made a marked gain over the group with no science 
instruction. 
IMPLICATIONS 
This investigation:: seems to indicate that the study of 
general science when taught in the usual way, does not 
contribute to the development of the scientific attitude on the 
part of ninth grade pupils. When special attention is given to-
ward this goal, there is a marked development of this attitude. 
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THE SCIENTIFIC ATTITUDE AS RELATED TO THE 
TEACHING OF GENERAL SCIENCE 
J.W. Eberhard, G.W. Hunter 
PROBLEM y 
The problem of this study is to determine the extent to 
which the scientific attitude is developed in general science 
when little or no emphasis is placed upon it, and when special 
training is given in the attitudes. Also, to determine the 
extent to which the scientific ~ttitude is developed when no 
formal instruction is given in general science and biology. 
METHOD 
Three groups of students in the High School of Beaumont, 
Calif ornia were selected for the experiment. 
Group 1. Had completed year course in general science 
Little or no emphasis on scientific attitude 
Group 2. Were studying general science 
Scientific attitude emphasized 
Group 3. No instruction in natural science 
The following data was collected on t h e leO students who 
~ade up the three groups: 
1~ Students name 
2. Chronological Ag e 
3. Intelligence test score 
4. Silent reading test score 
5. Mental age 
6. Average school grades 
7. Scientific attitude test score 
~J.W. Eberhard and G. W. Hunter, "The Scientific Attitude as 
~elated to the Teaching of General Science," Science Education 
(October, 1940), 24:275-281. 
RESULTS 
The scores on Hoff's, 11 Test For The Scientific Attitude 11 
.Y 
were as follows: 
Group 1 Group 2 Group 3 
Average score .695 .695 .685 
Median score .710 .689 .709 
Range in scores .387 .270 .260 
The corDelation between the average grades and the attitude 
scores was .4152 (Hoff's renged from .2509 - .4194); between 
reading comprehension and the attitude scores, .3105; between 
speed of reading and attitude acores, .0312. 
IMPLICATIONS 
The added emphasis given in the teaching of the scientific 
attitude does not modify the scientific attitude scores. For 
this reason, Eberhard and Hunter question the possibility of 
changing the skill in scientific thinking through teaching 
procedure carried on for the time of this experiment. 
1/A.G. Hoff, tLA Test for Scientific Attitudes," School Science 
and Mathematics (October, 1936), 36:763-770. 
MEASURING THE CONTRI BUTION OF THE NI NTH GRADE GENERAL SCIENCE 
COURSE TO THE DEVELOPM..ENT OF SCIENTIFIC ATTr:1.1UDES 
George Wessell 
PROBLEM y 
This study was made to obtain more objective and quanti-
tative data as to the contribution of a specif ic science course 
to the development of scientific attitudes. 
' 
METHOD 
An experiment was set up in the ninth-year general science 
course at the Kenmore Junior High School, Kenmore, New York. A 
group of 147 ninth grade pupils was selected. 114 of them were 
complet i ng the course and 33 beginning. They were tested at the 
beginning of the course with one form of a scientific attitude 
test and at the end of the term with the second form. The 
elements tested were: 
1. Freedom from superstition 
2. Ability of student to base his judgement on ~act 
3. Ability to distinguish between fact and theory 
4. The cause and effect relation ship 
As a control to check on the out-of-course factors which 
might contribute to scientific attitude development, forty 
pupils who had no previous science tra ining were selected and 
given one form of the test. To check the attitude development 
1/George Wessell, "Measuring the Contribution of the Ninth Grade 
General Science Course in the Development of the Scientific 
Att i tudes, " Science Education (November, 1941), 25:336-339. 
in a single grade, groups of twenty-nine, twenty-five, and 
twenty-six from grades eight, eleven, and twelve respectively 
were likewise given a form of the test. 
41' To offer some check on out-of-school as well as out-of-
course influences on scientific attitude development, a 
questionnaire was submitted to the experimental group of 147 
pupils. 
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For one school term, the interval between pre-test and post 
test, no effort was made to give the pupils special instruction 
in order to develop scientific attitudes. Textbooks and refer-
ence material was handled in the customary fashion and at no 
time were situations introduced that were similar to those 
found on the tests. The pupils likewise, were given no idea of 
the true nature of the test. 
RESULTS 
The results of these tests indicate that the course does 
contribute to the development of scientific attitudes but that 
the contribution is small when one compares the mean of the 
group with previous science tr aining with that of the group 
without such training. 
IMPLICATIONS 
This study indicates that the content of the general 
science course does not permit the proper emphasis on scientific 
attitudes and that the experiments and demonstrations as now 
organized and directed do not offer pupils the opportunity to 
develop scientific attitudes. 
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If these attitudes which we believe play such an important 
role in directing our behavior are to be developed in the pupils 
a complete investigation of these mind sets will have to be 
carried out if we are to have effective sc i ence teaching. 
CHAPTER IV 
A SUW\~RY OF RESEARCH CONCERNED WITH THE 
MEASUREMENT OF THE SCIENTIFIC ATTI.TUDE 
-55-
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AN OBJECTIVE TEST FOR THE SCIENTIFIC ATTITUDE 
Abraham Blackman 
PROBLEM y 
The purpose of this study is to construct an objective 
test for the scientific attitude which would be valid and easy 
to administer and rate. 
METHOD 
Scientific attitude tests were examined and items chosen 
from these tests which lived up to the following criteria: 
1. The statement must have a high Validity rating. 
2. The statement must be unambiguous. 
3. The item must be brief so as not to confuse the subject. 
4. The statement must be factual in order that the 
subjects might draw their conclusions. from the given 
data. 
5. The statement must not be offensive to anyone connected 
with the high school. 
The test when completed contained items from the studies .of y 'ij y 
Hoff, curtis, and Zyve. Part I of the test was made up of 
multiple choice items such as: 
A well known naturalist reports that he has recently ob-
served a white crow in a flock of black ones. 
( ) The statement is false 
( ) It might be true 
( ) I won't believe it until I see the white crow 
( ) It might be and probably is true 
1jA. Blackman, An Objective Test for the Scientific Attitude, 
Unpublished Master's 'I'hesrs, CoiTege of the City of N.Y., 1933. 
~A.G. Hoff, Op. cit., PP• 763-770. 
~Francis D. Curtis, Op. cit., pp. 60-67. 
,UD.L. Zyve, 11 A Test of Scientific Aptitude," Journal of 
~ducational Psychology (November, 1927}, 18:525-546. 
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Part II of the test consisted of items which had to be 
checked as true, false, insufficient data, or I don't know, 
T F ID DK The only time any misfortune may come to a 
person from walking under a ladder is while the 
person is under or near the ladder. 
Part III of the test contained true-false itemsa 
If a man takes a bath regularly every morning he will never 
be ill. 
According to Ayres' modification of the Personian formula 
for determining the reliability of the test, a coefficient of 
correlation of .597 was derived. 
The test was given to 441 pupils in high school and 43 
college seniors and graduate students. 
RESULTS 
The mean score was determined for the following groups: 
Boys (four years) 61.80 
Girls (four years) 61.76 
Freshmen 58.44 
Sophomores 62.00 
Juniors 63.40 
Seniors 63.87 
Biology II 59.14 
General Science II 59.46 
Biology III and IV 61.98 
College Senit::irs and Graduates 71.30 
I MPLICATI ONS y 
The conclusions reached by Blackman are as follows: 
11 1. There are no sex differences in the trait measured. 
2. The mean score of high school pupils on this test 
varies directly with their high school level. 
3. Part three of the test is sui ted for younger children. 
4. The conclusion tha t might be dravvn is that education 
does instill the scientific attitude. 
5. 'rhe mean score of the high school freshmen comp ared 
with sophomores shows a decided increase during the 
second year of school. 
6. The n ature of the science course, general science or 
elementary biology, taken during the first year does 
not change the mean score. 
5E 
7. The mean score of the college seniors shows that they 
are superior to high school students in the possession 
of the scientific attitude." 
!/A. Blackman, Op. cit., p. 24 
MEASURING SCIENTIFIC THINKING 
Victor H. Noll 
PROBLEM y 
The purpose of this study is to construct a test of 
scientific thinking based on the six habits of thinking. 
ME'rHOD 
The preliminary form of the test included 134 items, most 
of which were the true-false type with a small number of items 
in multiple choice form. Approximately twenty-five items were 
designed to measure each of the six habits of thinking. These 
six habits of thinking accompanied by test items follow: 
1. Intellectual honesty or lack of it 
There is no use working any harder than is necessary to 
get by. 
2. Cause and effect relationship 
A high forehead is a sign of intelligence. 
3. Suspended judgement 
Our next president will be ( ) Democrat, ( ) Republican 
( ) Socialist, ( ) Farmer-Labor, ( ) Communist, ( ) ' 
Fascist, ( ) There is no basis for predicting the next 
election accurately. 
4. Open-mindedness 
The Christian faith is the only true one 
5. Criticalness 
If my teacher says a thing is so, it must be so. 
yvictor H. Noll, "Measuring Scientific Thinking," Teachers 
College Record (May, 1934), 35:685-593. 
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6. Accuracy 
A simpj_lle diagram of the orbits of the Earth and. Mars 
around the sun was presented. On the basis of th1s 
diagram, the answers · to a dozen questions could be found. 
The preliminary form was given to 383 boys and girls 
enrolled in grades 8-12 inclusive in one school system. 
RESULTS 
A study of the scores on this test revealed the following y 
conclusions as summarized by Noll: 
11 1. There are distinct and measurable differences in the 
thinking of these pupils on the matters with which this 
test is concerned. 
2. The average score on the test increases regularly from 
the eight~ grade to the twelfth. 
3. The scores indicate that the thinking of pupils becomes 
more scientific as they go through the high school and 
as they mature. 
4. The results of this testing show also that pupils makin 
the highest scores are still far from what would be 
considered a desirable stage of advancement in this 
respect. They still are inaccurate, hasty, and not 
always honest in their thinking; they still jump to 
conclusions and they still have unreasonable and 
unseasoned prejudices and unfounded beliefs." 
IMPLICATIONS 
With such tests available it will be possible to measure 
the progress made in teaching of scientific thinking. 
1/0p. cit., p. 693. 
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THE MEASUREMENT OF SCIENTIFIC ATTITUDES 
Ira c. Davis 
PROBLEM y 
The purpose of this study is to devise valid tests to 
determine the presence of each of the following characteristics 
in an individual: '?! 
"1. Willingness to change opinion on the basis of evidence. 
2. search for the whole truth regardless of personal, 
religious or social prejudice. 
3. Concept of cause and effect relationship. 
4. Habit of basing judgement on fact. 
5. Power or ability to distinguish between fact and theory 
6. Freedom from superstitious beliefs." 
METHOD AND RESULTS 
This report deals with the development of tests megsuring 
two of these six elements of the scientific attitude. 'J.1he f 'irst 
test constructed was the cause and effect relationship test. 
Sixty-six pairs of occurrences were listed and the pupils asked 
to judg e each of them by checking it as: 
A - if the first occurrence is practically the sole cause 
of the second. 
B - if the first occurrence is one of a number of the 
important contributing causes of the second. 
C.- if the first occurrence contributes only slightly to thE' 
second. 
e Yira C. Davis, 11 The Measurement of Scientific Attitudes," 
Science Education, (October, 1935), 19:117-122. 
WGeorge J. Skewes, "vVhat is the Scientific Attitude," School 
Science and Mathematics (December,l933), 33:964-968. 
D - if both occurrences are results of the same general 
cause or causes. 
E - if the first occurrence bears no casual relationship to 
the second. 
Examples of' these paired occurrences follow.: 
1. The sun shines on the earth; t h e earth is warm. 
2. A boy often picked up toads; the boy had warts on his 
hands. 
3. The i gnition switch of an auto is turned on; the motor 
starts running . 
4. A rising column of ai r wa s cooled; a cloud formed. 
5. The li ght of lightning; the accompanying thunder. 
This test was administered to 295 pupils in six different 
high schools. 
To determine the best or acceptab le answers, the test was 
sent to forty outstanding teachers of science and answers were 
received from twenty-five. 
A fact-theory test consisting of 103 statements was also 
constructed and g iven to the same group of pupils and scored 
b y the same twenty-five teachers. In this test, the pupils were 
asked to check for one of the following answers: 
A - Some are statements of well established facts which are 
always true. 
B - others may be statements of theories which are gener-
ally accepted. 
C - Oth ers may be statements of theories which are 
questioned by some authorities. 
D - Others may be statements of popular beliefs which are 
not supported by evidence. 
E - Column E is to b e c~ecked i f you are unfamiliar with 
the sta tement. 
Examples of items from the fact-theory test follow: 
1. A disease is punishment for some moral wrong. 
2. Air is composed of molecules . 
3. The pressure in water varies with the depth. 
4. Heating the molecule in air increase~ the speed. 
5. A high forehead indicates high intelligence. 
IMPLICATIONS 
This is a preliminary report of the work being done in 
Wisconsin on the measurement of the scientific attitude. As 
such, tests for only two of the six elements of the scientific 
attitude are reported. On the basis of these tests and the 
results obtained, the following conclusions were drawn: 
.!/ 
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11 1. High-school pupils in Wisconsin are not superstitious. 
2. High-school pupils make about as good records as the . 
teachers. 
3. Many of the theories in science are being taught as 
facts by many of our best teachers. Teachers as well 
as pupils fail to distinguish clearly facts from 
theories. 
4. Pupils seem to have a fairly clear concept of the cause 
and effect relationship, but they do not seem to be ab~~ 
to recognize the adequacy of a supposed cause to 
produce the given result. 
5. Many teachers tend to propagandize their material when 
there is no scientific evidence for the statements they 
make. 
6. Teachers do not consciously attempt to develop the 
cha racteristics of the scientific attitude. If pupils 
have acquired these characteristics, it has come about 
by some process of thinking or experiences outside of 
the science classroom." 
!/Op. cit., p. 122. 
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A TEST FOR SCIENTIFIC ATTITUDE 
A.G. Hoff 
PROBLEM: y 
The problem of this study is to prepare a acale for the 
1
measurement of the scientific attitude. 
METHOD 
The method used by Hoff in preparing this scale is outlineJ 
in the eight following steps: 
1. Find an adequate definition of the scientific attitude 
given by a reliable authority •• The list of five 
?:) 
attitudes compiled by Curtis is used in this study. 
2. Two hundred situations using the attitude as a guide 
with forty items for each ma jor division was constructed. 
The following specifications were used: 
a. Construct the situation so that it may be answered by 
one of four responses, namely, 11 True 11 , 11 False", 
11 Insufficient data", and 11 I don't know". 
b. Make item as brief as po s sible. 
c. The content of the item should be within the 
experience of a ninth grade pupil. 
3 ' •• Attempted removal of situations that were obvious and 
required nothing more than common sense by administering 
test to fifty graduate students at the College of 
yA.G. Hof'f, 11 A Test of Scientific Attitude, 11 School Science and 
Mathematics (October, 1936), 36:763-770. 
·g/Francis D. Curtis, Op. cit., p. 48. 
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Education at the University of Iowa and to forty high 
school graduates. There seemed to be a fair distribution 
of responses to all the items especially by the high 
school group, thus no items were eliminated. 
4. For validation the test was submitted to the judgement 
of a group of men selected from a diversity of profess-
ions. A copy of the questions, with directions, was 
sent to approximately fifty people selected from the 
following professions: medicine, education, banking, 
marketing, engineering, and p rofessors of chemistry, la~ 
biology, physics, economics, and sociology. 
5. Fifteen of the fifty copies were ~ated and returned. 
The judges were asked to indicate the response a pupil 
should make to show the highest degree of scientific 
attitude, and to rate the questions according to the 
following degrees of scientific attitude: no degree, 
low degree, medium degree, high degree, and very high 
degree. 
6, To check the reli ability of the ratings, three of the 
judg es were asked to rate the items again aft e r several 
months. The average reliability was 72.2 percent. 
7. Items having an average rating of low degree or no 
degree were eliminated. Fifty items were thus dropped, 
leaving one hundred and fifty items to compose the test 
for scientific attitude. 
8. The reliability of the test was determined by correlati~P 
t h e performance on the odd items with the nerformance on 
the even items, and the correlation of the first half 
with the second half. The reliability of the whole 
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test as determined by the Spearman prophecy formula was 
.7553. 
9. To determine if the test measured scientific attitudes 
and not some other ability, skill, or habit, it was 
correlated with other criteria such as intelligence, 
scientific aptitude, and g eneral scholarship •• 
10. The test was administered to 337, twelfth grade pupils 
in five groups of about sixty-five each, in four high 
schools. 
RESULTS 
The person taking the test was directed to place a circle 
around the symbol representing the answer he thought correct. 
1be symbols used in the test are as follows: 
T - True 
F - False 
ID - Insufficient data to answer question intelligently 
DK - I do not know 
Below are four of the 150 test items: 
T-F-ID-DK- 2. A changed oil in his car. After driving his car 
thirty miles, a bearing in the moton burned out. 
A can collect damages from the company for the 
cost of repairs. 
T-F-ID-DK-10. Some medical authorities claim that men wear too 
much clothing. It is better to sacrifice the 
health of our men than to deviate from the 
customary manner of clothing. 
T-F-ID-DK-19. The average weight of 100 boys in X High School 
is 10 lbs. more than the average weight of 100 
girls in the same sc~ool. This shows that all the 
boys are heavier than all the girls in the school 
67 
T-F-ID-DK-22. My motor seems to lack power "Goaay; "Gnere mus"G be 
some reason for it and the trouble should be 
corrected. 
There was no significant correlation found between the 
scientific attitude test and other criteria such as intelligence 
scientific aptitude, and general scholarship. 
IMPLICATIONS 
The validity of the test rests primarily on the reliability 
of the ratings given by the judges. 
The lack of significant correlation shows that the test 
measures something di~ferent than scientific aptitude, _ that a 
pupil with high grades will not necessarily get a high score on 
the scien tific attitude test, and that ability in comprehension 
and speed of reading have no relation to ones performance on the 
scientific attitude test. 
THE CONTRIBUTION OF A SCALE FOR 'I1HE DETERMINATION 
OF THE SCIENTI FIC ATTITUDE, SENSITIVE CURIOSITY 
L. Edwards and M.L. Robertson 
PROBLEM y 
The purpose of this study is to construct a device to 
measure the effects of science instruction on the scientific 
attitude "sensitive curiosity". It is not concerned with the 
content of science cou~ses or with the methods of instruction 
lin such courses. 
METHOD 
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A set of seventy-one statements of opinions considered by a 
group of graduate students in science education to reflect vary-
ing degrees of the attitude "sensitive curiosity" was selected 
using the following criteria: 
1. Each opinionated statement should contain only one -~ . 
thought. 
2. The vocabulary used in each opinion should be as 
simplified as possible. 
3. Each opinion should express clearly the situation it 
repre sents. 
4. The opinions should represent varying degrees of the 
attitude. 
To determine their suitability at the junior high level, 
they were submitt ed to fifty pupils in eighth grade at Scotts-
bluff, Nebraska. Some items were modified as a result. 
yL. Edwards and M.L. Robertson, "The Contribution of a Scale i'o 
the Determina tion of the Scientific Attitude, Sensitive Curiosit! 11 
Science Education (April, 1939), 23:198-206. 
I The opinions were than submitted to twenty experts who met 
the following criteria: 
1. The judg es had to have a membership in the National 
Association for Research in Science Te§.ching. 
2. They had to be actively participating in research in 
areas closely related to the s cientific attitudes. 
The judg es were directed to sort the items into three 
separate piles. The first pile con s isting of those it ems which 
the lowest deg r e e of "sensitive curiosity"; t h e second pile, an~ 
ave rag e degree; and the third pile, the hi ghest degree. Each of 
these p i l e s was then sorted into three more piles according to 
the v a rying deg rees of the attitude within the pile. This 
resulted in nine sep arate piles arrang ed in order of their 
estimat e d value. Each pile was then placed in a marked envelope 
and returned. -
To g ive value to each item, the opinion that had been placec 
lowe st by the judg es was g iven a value of one, the next g roup, 
two, and so on until those in the highest group had been g iven a 
!value of nine. A f r equency distribution was then made by tab-
~lating the number of times each item had been placed in e a ch 
g roup. The median for each of the seventy-one items was computec 
~y the r a ting s g iven it by the twenty judges. 
To r e duce the number of ambiguous items and the amount of 
~isagreement in the judgements of the judg esJi the following 
criteria was follo wed to form the completed scale: 
1. The Q-val~e for any item should not exc e ed 1.11. 
2. Both the upp er and lower rang e of the sca le should be 
represented equally well. 
3. A scale value should b e represented by one item only. 
4. Where a choice is to be made between two items of' th P 
same scale v a lue, the one with t he lower Q-value should 
be used. 
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The completed scale consisted of thirty-two items and 
~as provided with directions for checking and a key for scoring . 
RESULTS 
The person taking the test was directed to place a check in 
~he blank at the left of the item if he entirely agreed with t he 
~tatement, if not, do not check it. Four examples of the items 
~n this scale follow: 
5. No attempt should be made to explain natural 
happening s. 
8. I have often wmndered why some stars twink le and 
others do not. 
22. Vfuen I see something new, I always try to find out 
what it is. 
31. A successful man is 11 self-ma de 11 • 
IMPLICATIONS 
This is a pioneer study attempting to measure the so-called 
11 intangible 11 outcomes of science in s truction. Whether it 
measur es this segment of the sci entific attitude successfully, 
is not known, but it is hop ed that it will be the forerunner of 
more adequate i nstruments for the evaluation of the scientific 
attitud e. 
THE VALIDI1~ OF THE NOLL TEST OF 
SCIENTI FIC THI NKI NG 
G. M. Blair 
PROBLEM 
y' :' 
The purpose of this study is to check the validity of 
the Noll test of scientificthinlting entitled, " What Do You 
Think ?, A Test of Scientific Thinking." 
gj 
ME'rHOD 
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To check the validity of the test, it was given to sixteen 
scientists on the faculty of the University of Illinois who were 
asked to take the tests if they h a d time. All s i xteen of the 
scientists complied, filling in both Forms 1 and 2. Every one 
of t h e scientists had a Ph. D. degree and had a rank of 
associate professor or higher in the University. The branches 
of science represented b y the group were: bacteriology, botony, 
chemistry, entomology, physics, psychology, and zoology. 
Presumably, if the test mea sured scientific thinking, these men 
should make high scores and also a gree very closely as to the 
correct answers. 
RESULTS 
None of the scientists gave answers that agreed completely 
with the answer key. With a perfect score of 112 possible, the 
lljG. M. Blair, Validity of the Noll Test of Scientific Thinking,' 
Journal of Educational Research (January, 19 40), 31:53-59. 
~~bl~ shed by the Bureau of Publications, Teachers Colleg e, 
;volumbia University, New York, 1935. 
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average score made by the scientists was 93.1 on Form 1, and 87. 
pn Form 2. This was better than the scores of t~elfth grade 
(Pupils, as the published norms indicated a median score of 81 
for both Form 1 and 2. 
The scientists disagreed considerably on certain answers in 
the scori ng key. On several items not one scientist marked his 
test correctly according to the key. 
If the validity of the test had been dependent on three-
fourths of the scientists agreeing with the answer key, there 
would have been twenty-six invalid items in Form 1 and twenty-
two in Form 2. 
IMPLICATIONS 
According to the data obtained from this investigation, the 
scoring keys of the Noll test should be revised to improve its 
validity. If a majority of the scientists agrees with the answe s 
of the original key for a given item, no change should be made. 
If a majority of the scientists agrees with a different answer, 
the scoring key should be changed accordingly. If there was no 
majority response to an item, it could be dropped from the test. 
Based on this procedure, new answers would be necessary for threE 
questions in Form 1 and fourteen questions in Form 2. Eight 
questions in Form 1 and four in Form 2 would be eliminated. 
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SCALING THE INTANGIBLES: A SECOND STUDY 
F.T. Howard, M.L. Robertson 
PROBLEM 
.v 
The purpose of this study is to construct a device 
suitable for measuring the effects of science instruction upon 
the scientific attitude, "conviction of cause and effect 
relations 11 • 
METHOD 
One hundred and eighty items were compiled and submitted to 
six people experienced in the construction of attitude scales. 
The items were rated by these people on the basis of the follow-
ing criteria: 
1. That the item involves understanding of cause and effect 
relations 
2. That it does not involve understanding of cause and 
effect relations 
3. That it has doubtful value 
No item was retained for the final test which had been 
[rejected by a single judge. From this a tentative list of 150 
items were prepared. 
To determine the values of the items, the 150 items were 
Fubmitted to twenty-five members of the National Association for 
hesear~h in Sci ence Teaching who sorted the items into nine I 
patego~ies according to the degree of attitude possessed by a 
person who would accept the statement. The nine categories were 
I ~/F.T. Howard and M.L. Robertson, "Scaling the Intangibles: A 
lpecond Study, 11 Science Education (October~ 1944). 24_;24.9_-__2_5_5_. 
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then given interval values of 0-l to 8-9 respectively. This made 
it possible to calculate the scale values and Q-values. After 
the scale v a lue and Q-values were calculated, thirty-one items 
were selected from the 150. 
RESUL'rS 
Sample items of the test follow: The stlh.dent is to mark 
only those items with which he agrees. 
1. Beauty and brains seldom go together. 
____ 6. There must be some cause, or causes, for everything that 
ever has or ever will happen. 
11. The facial appearance of ordinary crooks reveals their 
chara cter, but some of the smartest crooks are able to 
hide their true character. 
16. There is nothing so sacred that well trained men should 
not be allowed to investigate and try to explain it. 
21. our teeth will remain in good condition if we brush them 
twice a day. 
26. A man plays a number game, choosing a different number 
each time. He would have just as good a chance to win 
if he always chos~ the same number. 
31. A high school boy with some pimples on his face will be 
more popular if he gets rid of the pimples. 
IMPLICATI ONS 
This scale should be administered and standard norms set up 
It would also be helpful if other forms were constructed. 
CHAPTER V 
IMPLICATIONS FOR EDUCATION 
1. Implications Concerning the Definition of 
the Scientific Attitude 
Up to the present time there have been no more than five or 
six studies dealing with the definition of the scientific 
~ttitude. This is unfortunate, for if the scientific attitude is 
~o be a major objective of our teaching, it must of necessity be 
proken down into its basic elements. This detailed definition 
I s necessary, not only for proper teaching, but for adequate 
jneasurement as well. 
The general method used by the definers of the scientific 
attitude has been to survey the science literature of the past 
~ifty to sixty years and list any statements or suggestions 
t hich might pertain to the scientific attitude. This list of 
( uggestions is then submitted to so-called experts in the field 
I f science for judgement as to their relative importance. Using 
~uch a method, Skewes, Crowell, and Curtis have drawn up 
~efinitions which supposedly consist of the component elements oi 
~he scientific attitude. These elements of the scientific 
t;tttitude represent those attitudes or "mind sets" which a person 
would display while engaged in what is more commonly called 
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"scientific thinking" or "critical thin:Kingn. 
The important elements of the scientific attitude as deter-
1/ 
~ined by Skewes are as follows:-
11 1. Willingness to change opinion on the basis of evidence 
2. search for the whole truth regardless of personal, 
religious or social prejudice 
3. Concept of cause and effect relationship 
4. Habit of basing judgement on fact 
5. Power or ability to distinguish between fact and theory 
6. Freedom from superstitious beliefs. 11 
Crowell found, that according to the opinions of the judges, 
the attitudes of open-mindedness, carefulness, and accuracy were 
the most important. The sixteen attitudes which were rated 
important by eighty percent of the judges follow: 
y 
11 1. One must revise one's opinion of the evidence warrants 
2. One must be careful and accurate in what one does 
3. One's judgement must be as unprejudiced and impersonal 
as is possible 
4. Nothing can happen without a cause 
5. It is necessa ry to be systematic in the gathering and 
recording of data 
6. One must hold one's conclusions as tentative and sus-
pend judgement until all available facts are secured 
7. Theories are often valuable because of the experiments 
to which they lead, even though they themselves are 
later disproved 
8. One must ve slow to accept as fact such statements as 
are not supported by convincing proof 
P:/George J. Skewes., Op. cit., p. 966. 
2/Victor 
i-" 
L. Crowell, Op. cit., pp. 528-530. 
9. one must view facts objectively 
10. one must be free from dogma and superstition 
11. The adequacy and appropriateness of one 1 s data can be 
decided upon only as a result of careful reasoning 
12. One should rely on facts 
13. Man's conception of truth changes 
14. It is necessary to plan prior to execution 
15. one must recognize that data are not of equal value 
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16. One must test all hypotheses against all available data 111 
The first definition of the scientific attitude was 
formulated by curtis in 1924. It evidently is the best known 
definition also, for it has often been used in subsequeht 
research as a guide in the development of teaching material and 
in the construction of attitude tests. This definition 
follows: 
y 
11 1. Conviction of universal basic cause and effect relation 
rendered untenable, 
a. Superstitious beliefs in general, as 'signs' of 
'good or bad luck, r and charms 
b. Unexplained mysteries, 
c. 'Beats all' attitude, commonly revealed by, 
l. Too much credulity, 
2. Tendency to magnify the importance of 
coincidence. 
2. Sensitive curiosity concerning reasons for happenings, 
coupled with ideals 
a. Of careful and accurate observations, or equally 
careful and accurate use of pertinent data 
previously collected by others; 
b. Of patient collection of data; 
c. Of persistence in search for adequate explanation. 
3. Habit of delayed response, holding views tentatively 
for suitable reflection (varying with the matter in 
hand), 
~Francls D. Curtis, Op. cit., p. 48. 
a. To permit adequate considerations of possible 
options, 
7A 
b. To permit a continuous plan of attack, clearly look-
ing forward to a prediction of the probable outcome 
or solution 
4. Habit of weighing evidence with respect to its 
a. Pertinence, 
b. Soundness, 
c. Adeqp:acy 
5. Respect for another's point of view, an open-mindedness 
and will:iingness to be convinced by evidence." y 
Robert Ebel, recognizing many of the shortcomings in the 
methods used by the original definers, tackled the problem some-
what more critically. His first criticism was concerned with 
the uncontrolled way in which the philosophical suggestions in 
literature had been edited. To remedy this, he set up definite 
criteria for judging what were and what were not true character-
istics of the scientific attituden and then tested all the 
!philosophical suggestions accordingly. 
Ebel 1 s second criticism involved the use of the question-
~aire which had been used by the definers of the scientific 
attitude. There is not only general mistrust of the question-
naire as a reliable instrument, but in this case it was used to 
secure judgements which called for much ~eflective thinking. 
The third criticism rested on the use of supposedly expert 
judgement to_ select the definitions though there is as yet littlE 
expertness with refer$rtce to the scientific attitude. 
After searching the literature for as many suggestions as 
p ossible and testing them according to the criteria set up, Ebel 
I~Robert L. Ebel, "What is the Scientific Attitude, 11 Science 
~ducation (January, 1938), 22:1-5; (Fenruary, 1938), 22:75-81. 
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developed a very comprehensive list of t~e elements of the 
scientifi c attitude. For the teacher who hopes to engender the 
scientif ic attitude in his pupils and the research worker 
interested in the teaching and mea surement of the scientific 
attitude, this extensive list appears to be the most useful 
definition so far formul a ted. This definition is found on pag es 
17-23 of this study. 
The scientific attitude is purported to be a major object-
ive of science tea ching . As with any teaching objective, it 
mus t be brok en down and incorporated into teaching material if 
the ob j ective i s to be realized. The implication concerning the 
scientif ic attitude is cle,a r. The elements of the scientific 
attitude must be recogniz e d and thoroughly understood by every 
teacher if these attitudes are to be eng endered in our pupils. 
2. Implications Concerning the Teaching of 
the Scientific Attitude 
The research studies concerned with the problem of teaching 
the scientific attitud e are quite numerous and productive. They 
are conc erned pri marily with the follo wing questions: 
1. Do science subjects as usually taught develop the 
scientific attitude in pupils? 
2. Do science subjects, when accomp anied by specific teach-
ing material designed to foster the scientific attitude, 
develop this attitude in pup ils? · 
3. Are there any differences between classes as to the 
degree of scientific attitude possessed? 
4. Is there any correlation between the intelligence of a 
pupil and the ability to use the sc i entific attitude? 
5. Is there any correlation between the sex of a pupil and 
the ability to use the scienti fic attitude? 
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6. Vihat methods of teaching have proved useful in fostering 
the scientific attitude? 
In answer to question number 1, the studies summarized in 
chapter III of this paper provide little evidence that pupils 
acquire skill in the scientif ic attitude as a by-product of the 
y' 
study of any given subject. Moore, in a study to test the 
assumption that a scientific attitude is developed by a know-
ledge of scientific facts, found that the ability to distinguish 
a valid explanation from one less valid is closely related to a 
knowledge of facts and principles but that ones ability to apply 
knowledge is not in direet proportion to the knowledge possessed 
This study does indicate that the taking of a science subject 
for at least a year does increase the proportion of facts which 
can be applied. y 3/ 
Both Curtis and Downing found no evidence that pupils 
acquire skill in scientific thinking as a result of the study of 
scientific subject matter. 
4/ 
Zapf - found that a regular general science course seemed 
to have no _ ·affect on reducing superstitious beliefs. 
~ 
Wrightstone found a positive correlation between a 
knowledge of natural science and desirable natural science 
ijop. cit., pp. 379-386 
2/Francis D. Curtis, Op. cit., p. 78 
3/Elliot R. Downing, Op. cit., p. 88 
i/R.M. Zapf, Op. cit., p. 488 
5/s.w. Wrightstone, Op. cit., p. 12 
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beliefs. 
!I Reiner's study indicates that students may learn inform• 't~ 
ation and yet f ai l to get desirable attitudes that are available 
in t he same area of knowledge. y 
Blair and Goodson found that the study of general 
science when taught in the usual way did not contribute to the 
development of the scientific attitude . 
Wessell,~ in an experiment to obtain data as to the 
contribution of a specific science course to the development of 
scientif ic attitude found that a ninth grade general science 
course does contribute to the development of scientific attitude3 
but that the contribution is very small. 
Question number 2, which is concerned with the inculcation 
of scientific attitude s by using specific t eaching material, 
receives considerable support from the research. 
11 
curtis found that junior and senior high school pupils 
may be trained through general science to develop attitudes of 
avoidance of. narrow-mindedness and t he tendency to hasty infer-
ences. He concluded that a little instruction in the elements 
of the scientific attitude is of great value and that direct, 
definite training toward this end is more productive of desired 
results than extensive training in scientific subject matter. 
He also found that extensive reading in general science provided 
1/W.B. Reiner, Op. cit., p. 330 
~G.M. Blair and M.R. Goodson, Op. cit., p. 701 
3/George Wessell, Op. cit., p.339 
4/Francis D. Curtis, Op. cit., pp. 102-103 
some training in scientific attitudes but that such gains were 
negligible when compared with the gains nade when definite 
instruction in the attitudes was given. y 
Moore also found that science reading increases the 
knowledge and application of facta. 
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When the attention of both teacher and children was directe y 
toward attitudes as well as factual knowledge, Weller found 
that the exp erimental group did significantly better than the 
. . 
control group. Thi s would indicate that attitudes may be more 
definitely develop ed when the teacher and pupil are conscious of 
an effort in tha t direction rather than expecting these results 
as concomitants to the mastery of knowledge. The experimental 
and control groups differed insignificantly in the amount of 
factual knowledge g ained. y 
In a unit in biology, Caldwell and Lundeen found that 
specific instruction regarding c ertain unfounded beliefs produce< 
a substantial gain in the desired reactions of the pupils. y 
Zapf found that a couBse in general science wh ich is 
directed toward elimina ting superstitions showed a dec i ded 
decrease in the superstitions acknowledg ed. 
§./ 
Blair and Goodson noted a marked development in the 
scientifi c att i tude when special attention was given to it. 
~E.B. Moore, Op. cit., p. 386 
~Florence Weller, Op. cit., p. 96 
~o. w. Caldwell and G.F. Lundeen, Op. cit., p. 412 
~R. M . Zapf, Op. cit., p. 488 
I~G.M. Blair and M.R. Goodson, Op. cit •• u. 701 
f 
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In contrast to the results of the previous studies, y 
Eberhard and Hunter found that added emphasis given in the 
teaching of the scientific attitude did not modify the scores 
on a scientific attitude test. 
Question number 3 considers the degree of the scientific 
attitude possessed by different grade levels. 
2/ 
Downing - found a gradual and fairly uniform increase in 
the percentage of correct answers on a test of some of the 
elements and safeguards of scientific thinking. 
'ij 
Blackman found that the mean score varied directly with 
the high school level but that there was a decided increase 
during the second year of high school. College seniors also 
were superior to high school students in the possession of the 
scientific attitude. 
jj . 
On the basis of test results, Noll found that high 
school pupils make almost as good results as the teachers. 
Question number 4 concerns the correlation between intell-
igence and the ability to use the scientific attitude. 
w 
Curtis found a positive correlation between Brightness 
Quotient and scientific attitudes as measured by his test, but 
because of the lack of data and the small number of cases, the 
probable error was too high to justify definite conclusions 
!JJ. W. Eberhard and G. W. Hunter, Op. cit., p. 281 
~Elliot R. Downing, Op. cit., p. 88 
'ijAbraham Blackman, Op. cit., p. 24 
j;/Victor H. Noll, Op. cit., p . 693 
.:YFrancis ~D .. ' ~ Curtis. Op. cit n 7R 
/I 
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regarding the relationship between intelligence and the presence 
of sc i entific attitudes. y 
Weller found very little correlation between achievement 
on scientific attitude and knowledge tests and the I. Q. of the 
pupils. 
2/ 
Wrightstone found only a slight relationship between I.Q 
and the scores on a natural science beliefs test. 
Question number 5 comcerns the correlation between sex and 
t h e use of the scientific attitude. y 
Wrightstone found that girls as a group are less dis-
criminating in their natural science beliefs than boys. y 
Moore concluded that sex had little effect on the amount 
of factual knowledge and the ability to apply it. 
El 
Blackman found no sex differences in the degree of the 
scientific attitude held by 220 boys and 221 girls of high 
scij.ool. 
Question number 6 which is concerned with the methods of ·! , , 
teaching the scientific attitude has been the most neglected 
aspect of research dealing with attitudes. 
. §/ 
Moore found that the more experience a pupil h a d with a 
given situation, the better the application of the knowledge. 
1/Florence Weller, Op. cit., p. 96 
~s.w . Wrightstone, Op. cit., p. 12 
w.Ibid., p. 12 
~E.B. Moore, Op. cit., p. 386 
~Abraham Blackman, Op. cit., p. 24 
~E.B. Moore, Op. cit., p. 386 
!I 
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This would indicate that in the teaching of science we should 
appl~ facts and principles to as many important situations in 
daily life as possible. She also found that the presence of 
~rejudice and superstitions lowers the ability to apply a fact. y 
Caldwell and Lundeen found that the discussion of un-
founded beliefs in the classroom served as a basis for motivat-
ion of pupils interests in the biology subject being taught and 
served as useful material in teaching scientific attitudes. 
y 
Zapf, also working with superstitions, found that putting 
a superstition on trial in the classroom was an effective method 
of reducing such beliefs. 
Based upon the research that has been done on the scientif-
ic attitude many inferences cgn be drawn regarding the methods 
~ 
to be used in teaching it. Glaser working on the problem of 
critical thinking suggests the following: 
11 
••••• if the objective is to develop in pupils an 
attitude of reasonableness and regard for the weight of 
evidence and to develop ability to think critically about 
controversial matters, then the component attitudes and 
abilities must be set up as definite goals of instruction." y 
Noll drew up a list of principles which have been shown 
by research to be valuable in the teaching of scientific think-
ing& 
~o.w. Caldwell and G.F. Lundeen, Op. cit., p. 405 
:ijR.M. Zapf, Op.cit., p. 483 
3/T.C. Glaser, The Development of Critical Thinking, Contributio 
to Education, No. 843, Teachers College, Columbia University, 
1941, P• 124 
4/yictor H. Noll, "Teaching Science for Influencing Behavior," 
Sclence Education (February, 1936), 20:17-20 
---======F======-=-===~~-=~-============================================~~======= 
"1. The desired attitudes which are to influence behavior 
must be taught directly. 
2. Pupils must be given opportmnity to practice scientific 
attitudes. 
3. If the scientific attitude is to function in everyday 
life, there must be specific provision to generalize 
these attitudes. Provis i on must be made for showing 
the application of principles or laws to a wide 
vari ety of situations. The pupil must be led to 
generalize, or to apply the s~e principle in differen 
situations so that transfer of training may thus be 
facilitated. I 
4. If t h e scientific attitudes are to become a part of the. 
nervous system of boys and girls, they must be made I 
desirable objectives to them. This follows Thorndike'~ 
'law of effect' as expressed in terms of satisfiers an 
annoyers." 
Powers sugg ests the following procedure: 
y 
11 If practice in developing ability to think scientif~ 
ically and maintain scientific attitudes is to be furnish-
ed students, it will have to start with problems followed 
by thinking through to their solution wi th maintenance of 
the necessary attitudes. It is not to be expected that 
students at the beginning of a course in science will be 
able to think scientifically or even organize a method by 
which a scientific problem presented by experience may be 
solved. It will be the function of the teacher to serve in 
his position as an educator and by properly organized 
questions to lead the class to organize its experiences I 
associated with the phenomenon under consideration so that I 
tentative solutions may be offe r ed by the class, followed 
by plans by which the validity of each of the solutions ma 
be tested, followed by other problems to test the g eneral-
ity of the generalizations. During this development of 
ideas, care should be taken to maintain an attitude of 
suspended judgement, determination of causes of phenomenon 
ability to distinguish between cause and effect, etc." ' 
Heiss believes that: 
y 
1/Carleton E. Powers, "Possible Techniques for the Development 
of Some Scientific Attitudes," School Science and Mathematics 
(March, 1 939 ), 39:251-252 
_y'E.D. Heiss, E.S. Osbourn, and c.w. Hoffman, Modern Methods 
and Materials for Teaching Science, The Macmillan Company New 
York, 1940, p. 60. ' 
= ,==~===============================================9======= 
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" ••• the greatest force at present in the development 
of desirable attitudes is a teacher who practices them day 
after day in his classroom. The atmosphere of such a clas&-
room will be charged with a spirit of friendly criticism of 
procedures, data, hypotheses, and conclusions. It will 
encourage an intelligent questioning of authority and 
maintain a skepticism for reported evidence. Emotional and 
wishful thinking will be questioned and prejudice and 
intolerance will find no place. Facts and assumptions will 
be clearly distinguished and hypotheses modified in the 
light of new evidence. If such an atmosphere can be main-
tained in our science classrooms we could go a long way 
toward inculcating desirable attitudes." 
3. Implications Concerning the Measurement 
of the Scientific Attitude 
Contemporaneous with efforts to teach the scientific 
attitude has been the development of tests to measure the 
effects of this teaching. Assuming that we understand the 
elements of the scientific attitude and can construct tests 
purported to measure the degree to which this attitude is held 
by the pupil, there still remains this inherent problem when-
ever paper and pencil tests are used for measuring attitudes: 
Will the pupils response indicate the way he knows he should 
respond or the way he would normally behave in a given situatio~~ 
It is generally agreed that if the scientific attitude is to be 
effectively taught, it must result in behavior changes. There is 
some mistrust among science writers as to the efficacy of paper 
and pencil tests in measuring this degree of scientific attitude 
The first test constructed for the purpose of measuring the 
y' 
scientific attitude was Curtis•. It was devised to measure the 
the effect of instruction and extensive reading on the scientif-
1/Francis D. Curtis, Op. cit., pp. 60-67. 
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ic attitude. y 
Hoff developed a test consisting of 150 items dealing 
with what he considered to be the five major components of the 
scientific attitude. He found correlations ranging from .14 to 
.39 among five classes of students who took this scientific 
attitude test and the s tanford Sc ientific Aptitude Test. y 
Blackman formulated a test of the scientific attitude 
composed of items selected from other attitude tests. Some of 
t he items are concerned with science information which leaves 
some doubt a s to what is being measured, a knowledg e of facts or 
attitudes. Part three of the tes t is particularly well suited 
for t he elementary level. 
y 
Noll constructed a test consisting chiefly of true-false 
items designed to measure six habits of thinking. This test is 
suitab le for the upp er elementary and high school level. y 
Blair mad e a very worthwhile contribution to the 
research on attitude measurement b y duplicating Noll's experimen ~ 
and checking its validity. Nollts test revised by Blair's find-
ing s appears to be a much more v a lid test. 
~ 
Davis developed two tests to measure the scientific 
attitude, a cause-and-effect relationship test and a fact-theory 
test. As with Blackman's test the items are concerned with 
!/A.G. Hoff, Op. cit., p. 769. 
g/Abraham Blackman, Op. cit., pp. 10-17. 
~Victor H. Noll, Op. cit., pp. 685-693. 
yG.M. Blair, Op. cit., pp. 53-59. 
~Ira c. Davis, Op. cit. pp. 117-122. 
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science information. y 
Downing formulated a test to measure skill in the use of 
fifteen elements and safeguards invmlved in scientific thinking. 
There is some doubt concerning the reliability and validity of 
this test because each of these abilities and tendencies is 
measured by only one multiple part question. 
2/ 
Maller and Lundeen - constructed a test to measure belief 
in superstition. 
Edwards and Robertson constructed a scale to measure the 
element of the scientific attitude, sensitive curiosity. y 
Howard and Robertson continued this work by constructing a 
scale for the attitude, conviction of cause and effect 
relations. Although limited in their use by only measuring 
part of the scientific attitude, these two tests appear to be 
the best measuring devices so f a r constructed. 
Anyone interested in measuring the scientific attitude 
might well examine these tests, for some are more adap ted to 
given purposes than others. Some are more suitable for the 
ele:!Jlentary level, some for the high-school and college levels. 
There is still a need for objective tests of all the 
elements of the s cientific attitud e with proved validity and 
reliability ru~d established norms. 
1/.J:dliot R. Downing, uThe Elements and Safeguards of Scientific 
Thinking," The Scientific Monthly (April, 1928), 26:231-243. 
2/J. B . Maller and G. E . Lundeen, "Sources of Superstitious 
Belief s," Journal of Educational Research (1933), 26:321-343. 
3/L. Edwards and M.L. Robertson, ~cit., pp. 198-~06. 
4/F.T. Howard and M.L . Robertson Op. cit_. _n_n_. 24_9_- 2E_5_ 
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